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The Effects of Combination Therapy of Cathepsin K Inhibitor and PTH on Change in
Bone Mineral Density in an Animal Model of Osteoporosis
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Division of Endocrinology and Metabolism, Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine,
Seoul; Asan Institute for Life Sciences', Seoul; Department of Biochemistry and Cell Biology?, Kyungpook National University School of Medicine,
Daegu, Korea

Background: We hypothesized that combination therapy of cathepsin K inhibitor (CTKi) and human parathyroid hormone (1-34)
(teriparatide, PTH) would overcome the coupling phenomenon of bone resorption and formation and thus may rapidly increase
bone mass.

Methods: We selected a dose of zoledronic acid (ZA) that had shown similar effects with CTKi on body bone mineral density
(BMD) change during the preliminary experiment. Female mice were subjected to ovariectomized (OVX control) or a sham opera-
tion (SHAM group). The mice were treated with CTKi (CTKi group), ZA (ZA group), PTH (PTH group) or with a combination of
PTH with ZA (ZA + PTH group) or CTKi (CTKi + PTH group) for 8 weeks. Total BMD was measured before the operation and at
4 and 8 weeks.

Results: In the preliminary results, 10 pg/kg of ZA showed similar BMD changes with CTKi. Compared with the OVX control, BMD
in the SHAM, ZA, CTKj, PTH, ZA + PTH, and CTKi + PTH groups was significantly increased after treatment. BMD in the CTKi + PTH
group, but not in the ZA + PTH group increased more significantly than in the PTH group at the end of treatment. Compared with
the OVX control, changes in BMD in the SHAM, ZA, CTKi, PTH, ZA + PTH, and CTKi + PTH groups increased significantly after 8
weeks of treatment. The change in BMD in the CTKi + PTH group, but not in the ZA + PTH group was more significantly increased
than the change in BMD in the PTH group.

Conclusion: When combined with PTH, CTKi augmented the anabolic action of PTH. Therefore, combination therapy with CTKi
and PTH might be a new therapeutic modality capable of overcoming the coupling phenomenon, thereby markedly and rapidly
increasing bone mass. (Endocrinol Metab 26:303-309, 2011)
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Fig. 1. Inhibition of human cathepsin K activity by 0ST-4077.

Table 1. Body weight and whole body BMD before starting treatments and at the end of treatments during the preliminary experiment (n = 5 in each group)

. Weight (g) BMD (g/cm?)

roup Baseline After 4 wk P value* Baseline After 4 wk P value*
SHAM 186 £ 0.1 197 £ 04 0.001 0.043 £ 0.001 0.046 £ 0.001 0.001
(0724 184 £ 0.7 219+£08 Ref 0.043 £+ 0.001 0.044 £ 0.001 Ref
CTKi 184+ 03 21.0 £ 05 NS 0.042 £+ 0.001 0.044 £ 0.001 0.088
ZA10 183 £ 0.1 224 +13 NS 0.042 £ 0.001 0.045 £ 0.001 0.013
ZA20 184 £ 03 222 £07 NS 0.042 £ 0.001 0.046 £ 0.000 < 0.001
ZA10+PTH10 184 + 06 226 £10 NS 0.042 £ 0.000 0.046 £ 0.001 < 0.001
ZA10 + PTH20 184 £ 04 221 05 NS 0.042 £ 0.001 0.047 £ 0.001 < 0.001
ZA20 + PTH10 184 £ 05 220 £08 NS 0.043 £ 0.001 0.049 £ 0.000 < 0.001
ZA20 + PTH20 184 +10 221 £03 NS 0.042 £+ 0.001 0.050 £ 0.001 < 0.001

*P value vs. OVX control at the end of treatments by analysis of variance with post-hoc analysis.

SHAM, sham-operated mice; OVX, ovariectomized mice; CTKi, ovariectomized mice orally administered with 0ST-4077 100 mg/kg twice a daily; ZA10 and ZA20,
ovariectomized mice intraperitoneally injected with zoledronic acid 10, 20 pg/kg once; ZA10 + PTH10 and ZA10 + PTH20, ovariectomized mice intraperitoneally
injected with zoledronic acid 10 pg/kg once and subcutaneously injected with teriparatide 10, 20 pg/kg daily; ZA20 + PTH10 and ZA20 + PTH20, ovariectomized
mice intraperitoneally injected with zoledronic acid 20 ug/kg once and subcutaneously injected with teriparatide 10, 20 pg/kg daily. BMD, bone mineral density;
CTKi, cathepsin K inhibitor; NS, not significant; OVX, ovariectomized; PTH, parathyroid hormone; ZA, zoledronic acid.

http://dx.doi.org/10.3803/EnM.2011.26.4.303

http://www.enm-kes.org



306

4.8%(-09t0 10.4)
24% (-32t08.1)
44% (-1.2t010.1)
26%(-3.1108.2)
4.2%(0.1t09.7)"

T

L

1.8%(-38107.3)

100

SHAM 0VX CTKi

Change (%) of BMD

N—=O—=NWHEJTIOON0W

ZA10 ZA10 ZA20 ZA20

ZA10 ZA20  + + + +
PTH10 PTH20 PTH10 PTH20

Fig. 2. Change of whole body bone mineral density (BMD) during the prelimi-
nary experiment. *P < 0.05 vs. CTKi group. SHAM, sham-operated mice; OVX,
ovariectomized mice; CTKi, ovariectomized mice orally administered with OST-
4077 100 mg/kg twice a day; ZA10 and ZA20, ovariectomized mice intraperito-
neally injected with zoledronic acid 10, 20 pg/kg once; ZA10 + PTH10 and ZA10
+ PTHZ0, ovariectomized mice intraperitoneally injected with zoledronic acid 10
lg/kg once and subcutaneously injected with teriparatide 10, 20 Ug/kg daily;
ZA20 + PTH10 and ZA20 + PTHZ20, ovariectomized mice intraperitoneally inject-
ed with zoledronic acid 20 pig/kg once and subcutaneously injected with teripa-
ratide 10, 20 pg/kg daily. CTKi, cathepsin K inhibitor; OVX, ovariectomized; PTH,
parathyroid hormone; ZA, zoledronic acid.
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Fig. 3. Body weight before starting treatments and at the end of treatments
during the main experiment (n = 8 in each group). *P < 0.05. 'P < 0.10 vs.
OVX control group. SHAM, sham-operated mice; OVX, ovariectomized mice;
ZA, ovariectomized mice intraperitoneally injected with zoledronic acid 10 pg/
kg once; CTKi, ovariectomized mice orally administered with 0ST-4077 100 mg/
kg twice a day; PTH, ovariectomized mice subcutaneously injected with teripa-
ratide 10 pg/kg daily; ZA + PTH, ovariectomized mice intraperitoneally injected
with zoledronic acid 10 pg/kg once and subcutaneously injected with teripara-
tide 10 pg/kg daily; CTKi + PTH; ovariectomized mice orally administered with
0ST-4077 100 mg/kg twice a day and subcutaneously injected with teriparatide
10 Pg/kg daily. BMD, bone mineral density; CTKi, cathepsin K inhibitor; OVX,
ovariectomized; PTH, parathyroid hormone; ZA, zoledronic acid.
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Fig. 4. Whole body bone mineral density (BMD) before starting treatments and
at the end of treatments during the main experiment (n = 8 in each group). *P <
0.05 vs. OVX control group. P < 0.05 vs. PTH group. SHAM, sham-operated mice;
0VX, ovariectomized mice; ZA, ovariectomized mice intraperitoneally injected with
zoledronic acid 10 pg/kg once; CTKi, ovariectomized mice orally administered
with 0ST-4077 100 mg/kg twice a day; PTH, ovariectomized mice subcutaneous-
ly injected with teriparatide 10 pg/kg daily; ZA + PTH, ovariectomized mice in-
traperitoneally injected with zoledronic acid 10 pg/kg once and subcutaneously
injected with teriparatide 10 pg/kg daily; CTKi + PTH; ovariectomized mice oral-
ly administered with 0ST-4077 100 mg/kg twice a day and subcutaneously in-
jected with teriparatide 10 pg/kg daily. CTKi, cathepsin K inhibitor; NS, not sig-
nificant; OVX, ovariectomized; PTH, parathyroid hormone; ZA, zoledronic acid.

http://dx.doi.org/10.3803/EnM.2011.26.4.303



Effects of Combination Therapy of Cathepsin K Inhibitor and PTH on BMD Change

SHAM J 0vX . ZA M CTKi
m PTH ZA +PTH 1 CTKi+PTH 73t
(2510122)
25
16 (-22t07.2)

[}

=S 12 -

[aa]

=z

8

2 8

o

=

=

G

= 47

5]

=

S 0

4" 4 8

Study days (wk)

Fig. 5. Change of whole body bone mineral density (BMD) before starting treat-
ments and at the end of treatments during the main experiment (n = 8 in each
group). *P < 0.05 vs. OVX control group. 'P < 0.05 vs. PTH group. SHAM, sham-
operated mice; OVX, ovariectomized mice; ZA, ovariectomized mice intraperito-
neally injected with zoledronic acid 10 jig/kg once; CTKi, ovariectomized mice
orally administered with 0ST-4077 100 mg/kg twice a day; PTH, ovariectomized
mice subcutaneously injected with teriparatide 10 pg/kg daily; ZA + PTH, ovari-
ectomized mice intraperitoneally injected with zoledronic acid 10 ug/kg once
and subcutaneously injected with teriparatide 10 ug/kg daily; CTKi + PTH; ovari-
ectomized mice orally administered with 0ST-4077 100 mg/ kg twice a day and
subcutaneously injected with teriparatide 10 pg/kg daily. CTKi, cathepsin K in-
hibitor; OVX, ovariectomized; PTH, parathyroid hormone; ZA, zoledronic acid.
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